Abstract. In this paper, we study the parity reversion of 40 main bilateral real exchange rates (RERs) constructed by actual price levels to be consistent with absolute purchasing power parity (PPP), rather than by price indexes as used in popular studies. The time series ADF and KPSS unit root tests reveal that 39 RERs are stationary in their periods of about 60 years or less. The half-lives span from 1 to 40 years and are mostly outside of the consensus range of 3-5 years in relative PPP. Thus, the parity reversion of absolute PPP may be very different from that of relative PPP.
Introduction
As an important aspect of understanding the theory of purchasing power parity (PPP), the parity reversion of PPP has been much studied (e.g., Lothian and Taylor [1] ; Koedijk et al. [2] ; Bergin et al. [3] ; Huang and Yang [4] ). Rogoff [5] and Macdonald (Chapter 2, Purchasing power parity and the PPP puzzle) [6] conduct a survey. In these popular studies, the real exchange rate (RER) is constructed by the consumer, wholesale, or producer price indexes rather than actual price levels. Such a constructed RER is used in studying relative PPP rather than absolute PPP [7] . That is, though the parity reversion of relative PPP is well studied, that of absolute PPP has some blanks.
Thus, we construct the RER by actual price levels and study the parity reversion of absolute PPP. Concretely, we wonder what the parity reversion of absolute PPP is and how the parity reversion of absolute PPP is different from that of relative PPP. To examine the half-life, different econometric dimensions (whole period, sub-period, time series, and panel) are used.
The rest of the paper proceeds as below. Section 2 presents the definition, method and data. Section 3 presents the econometric result. Section 4 concludes the paper.
Definition, Method and Data

Definition
In this paper, RER is defined by Eq. 1, where Pi is the domestic (general) price level of country i, P* is the price level of the specific foreign country (in this paper, the United States), PPPi rate is Pi divided by P*, and NERi is expressed as the domestic currency units per fixed foreign currency unit (the domestic currency units per US dollar). In this definition, a greater value of RER represents the local currency's appreciation (against the US dollar), and the value of RER will be equal to 1 if absolute PPP strictly holds.
Method
As the ADF test tends to accept the null hypothesis that a variable has a unit root (Kwiatkowski, Phillips, Schmidt, and Shin, briefly KPSS) [8] , we also use the KPSS test that has a contrary null hypothesis and can overcome such fault of the ADF test in some degree. Concretely, we first use the ADF test. If an RER is confirmed as I(0) by one model specification (with constant, or with constant and trend, or without constant) at one usual level (10%, or 5%, or 1% level), we deem it is I(0). If an RER is not confirmed by the ADF test but by one specification of the KPSS test (with constant or with constant and trend) at one usual level, we also deem it is I(0). If an RER is not confirmed as I(0) by both the ADF and KPSS tests, we deem it is not I(0).
After an RER is confirmed as I(0), we use Eq. 2 to estimate the coefficient β, where the Newey-West heteroskedasticity and autocorrelation consistent standard error is used. The half-life is calculated by using the most basic form (half-life = log(0.5) / log(β)) (e.g., Lothian and Taylor [1] and Koedijk et al. [2] ).
Data
We follow Zhang and Zou [7] in collecting the data. That is, all data are from University of Pennsylvania's Penn World Table ( Though the longest sample is 1950-2012, for concrete countries, the available samples are shorter because of some blank data in some years; see Table 1 . Table 1 . Countries and their sample periods.
1950-2012
Other periods Australia, Austria, Belgium, Canada, Brazil, Colombia, Denmark, Finland, France, India, Ireland, Italy, Japan, Mexico, Netherlands, Nigeria, Norway, Portugal, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey, UK, Venezuela 
Econometric Result
In this section, we will investigate (1) the half-life in each RER's whole period in Section 3.1, (2) the half-life in each RER's sub-period in Section 3.2, and (3) the half-life in the panel data in Section 3.3.
Half-life in the whole period
The detailed unit root test results are available upon request. The unit root test and the half-life results are displayed in Table 2 . Each β is significant at the 1% level, which is consistent with that in Lothian and Taylor [1] who study relative PPP. In the United Arab Emirates, though the KPSS test indicates the RER is I(0), β is greater than 1 and the RER does not converge; this may be caused by the low power of the unit root test. Except in the United Arab Emirates, all the other 39 RERs converge, with the half-lives spanning from 1 to 40 years. Concretely, 3 half-lives are shorter than 3 years, 10 half-lives are within the range of 3-5 years, and 26 half-lives are greater than 5 years. Compared with relative PPP, two conclusions can be obtained.
(1) In relative PPP studies (where the RER is constructed by price indexes), a short-run (e.g., several decades) RER is often not stationary when the time series ADF test is used; to have an RER stationary, one often needs long-run (e.g., more than 100 years) data, or otherwise, panel data or another special unit root test if the data is not long enough. But in absolute PPP of this survey (where the RER is constructed by actual prices) where each RER is about 60 years or less, all the RERs are stationary by the ADF or KPSS test. One eminent example is Russia where the period is 1990 through 2012, but the ADF test with constant and trend confirms that its RER is I(0).
(2) In relative PPP studies, the "consensus view" of half-life is 3 to 5 years (Rogoff, 1996) . In absolute PPP of this survey, however, only 10 (out of 39) RERs have a half-life within 3-5 years; the other 29 (out of 39) RERs have a half-life smaller or greater than 3-5 years. This means that the consensus view of the half-life does not hold in this survey and the parity reversion of absolute PPP may be very different from that of relative PPP.
Half-life in the Sub-period
For some countries whose whole period is 1950-2012, the exchange rate system changed in the period. The most important change is the move from fixed to flexible exchange rate in major industrial countries in 1973. This change also influences the developing countries to some extent. Thus we divide each period that begins from the 1950s or 1960s into two periods, before and after 1973, for 35 countries. The periods in Germany, Poland, Saudi Arabia, Russia, and the United Araba Emirates are not divided because their periods begin from the 1970s or even later years. The calculated half-lives for the 35 countries, together with the unit root test conclusions for these countries, are listed in Table 3 . Notes: *, **, and *** indicate that β is significant at the 10%, 5%, and 1% level, respectively. For some countries, the first year in the period 1950-1972 is not 1950, and/or the last year in the period 1973-2012 is not 2012; see Table 1 for details.
The econometric results in the sub-periods confirm the conclusions that we just obtained from the whole periods in Section 3.1.
(1) As in the whole period, in each sub-period, the RER is stationary by the ADF or KPSS test. This indicates that the stationarity of a RER of absolute PPP may be easily obtained no matter whether it is in major industrial countries' fixed exchange rate period , less than 25 years) or in major industrial countries' flexible exchange rate period .
(2) As in the whole period, in the sub-period, only a few (no more than one third) half-lives are within 3-5 years, and most half-lives are out of the range of 3-5 years.
We first examine the period 1950-1972. For Indonesia, β is not significant even at the 10% level, and we think that the half-life does not exist. In addition, β is greater than 1 for 7 RERs and the half-life does not exist for these RERs either. Thus, the half-life exists in 27 (out of 35) RERs. Among the 27 RERs, 8 half-lives are within 3-5 years and 19 half-lives are smaller or greater than 3-5 years.
Then we examine the period 1973-2012. In this period, the half-life exists in all the 35 RERs. Among the 35 RERs, 9 half-lives are within 3-5 years and 26 half-lives are out of the range of 3-5 years.
Half-life in the panel data
After knowing the half-life in each country in the time series dimension (in Sections 3.1 and 3.2), we turn to the panel data dimension, which can give a general measure of the 40 RERs.
In the whole period 1950-2012, a summary of panel unit root tests (LLC, IPS, ADF-Fisher and PP-Fisher) reveals that the RER is I(0). Then we estimate Eq. 2 (its panel data form) by the two-way fixed effects method which is justified by the redundant fixed effects tests. ߚ = 0.904 with the p-value = 0, and the half-life = 6.9.
In the sub-period 1950-1972, the PP-Fisher test reveals that the RER is I(0). Then we estimate Eq. 2 by the two-way fixed effects method which is justified by the redundant fixed effects tests. ߚ = 0.762 with the p-value = 0, and the half-life = 2.6. In the sub-period 1973-2012, the IPS and PP-Fisher tests reveal that the RER is I(0). Then we estimate Eq. 2 by the two-way fixed effects method which is justified by the redundant fixed effects tests. ߚ = 0.840 with the p-value = 0, and the half-life = 4.0.
Thus, two conclusions can be obtained.
(1) As in the time series cases, the RER can still be confirmed as being stationary (by at least one test) whether in the whole period or in the sub-period. (2) Though the half-life is within 3-5 years in one case of the sub-period 1973-2012, the half-life is out of the range of 3-5 years in two cases of the whole period and the sub-period 1950-1972, thus the half-life in the panel data still tends to be out of the range of 3-5 years.
Conclusion
In this paper, we construct the RER using actual prices to be consistent with absolute PPP and study the parity reversion of absolute PPP. The conclusions obtained are as below.
(1) In relative PPP studies where the RER is constructed by price indexes, the conclusion that the RER is stationary is often obtained only by using a long-run time series data, panel data, or other special econometric methods. However, the stationarity of the RER in this paper can be easily obtained by a traditional time series ADF or KPSS unit root test in a comparatively short-run period (about 60 years or less).
(2) Different from the consensus view about the half-life of 3-5 years in relative PPP studies, the half-life of the RER in this paper spans from 1 to 40 years, with most half-lives outside of the range of 3-5 years. The conclusion is robust. That is, no matter which econometric dimension (the whole period, the sub-period, the time-series data, or the panel data) we use, most half-lives are invariably outside of the range of 3-5 years. Thus, the parity reversion of absolute PPP may be very different from that of relative PPP.
